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Abstract 
Task 

Noting that BCG short culture solution wastes are discarded in large amounts as 
industrial wastes, a method is provided for effective recovery of useful protein discharged by 
BCG into the culture solution and also recovered protein is provided as a reagent. 
Means for solution 

The spent culture solution described above is heated to 40-45°C, and [separated by] 
filtration Jfrom BCG and low-molecular-weight culture solution components to obtain a protein 
concentrate. Next, an affinity purification is carried out by a phenylcepharose CL-4B colimm, 
followed by purification by a DEAE-Sepharose colmnn using urea, fiirther purification by a 
Sephacryl S200HR colxmm, and final purification by a DEAE-Sepharose CL-6B colimm without 
using urea to obtain desired protein which is used as a reagent. 
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Key: 1 Absorbance 

2 Fractionation position 

3 Ammonium sulfate 

4 Selected fractions 


Claims 

1. Method for isolating protein from BCG short term culture solution waste, characterized 
in that, in the method for purification of desired protein from a BCG short term culture solution 
waste using colxmms of different properties, by packing the starting material, eluting with a 
buffer solution with fractionation into many fractions, selecting fractions containing proteins to 
be isolated, concentrating the selected fractions, dialyzing the concentrate, and repeating colimm 
purification at least two times by using different columns and buffer solutions containing 
different components, wherein as a pretreatment for the colxmm purification, the waste culture 
solution is heated to 40-45°C, freed from residual BCG Tokyo by using filter paper, freed from 
proteins of molecular weight 5000 or less and culture solution components by filtration and 
concentrated; the concentrate is treated with ammonium sulfate (hereafter referred to AS) at 60% 
saturation for precipitation of all proteins, followed by centrifiigal separation of the total protein 
and using the separated total protein for next process step. 

2. Method for isolating protein from BCG short term culture solution waste, characterized 
in that, in the colxmm purification method for the second step of the above column purification 
method, the column used is a DEAE Sephadex CL-6B column and a buffer solution is 
equilibrated with 500 mL of 30 mM Tris buffer solution (pH 7.5) containing 3M (mpl) urea; the 
pretreated protein for the colxmm purification method is fed; a bxiffer solution obtained by adding 
0-200 mM NaCl to the buffer solution described above is fed with NaCl concentration increasing 
continuously at an elution rate of 0.5 mL/min with firactionation into many fractions; fractions 
containing target protein are selected, concentrated and.dialyzed dxiring which xirea is separated. 
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3. Method for isolating protein from BCG short term culture solution waste, characterized 
by employing the following 5 steps: 

a. First step (pretreatment process) 

A BCG short terai culture waste is heated to 40-45°C, freed from residual BCG Tokyo 
using filter paper, freed from protein of molecular weight 5000 or less and culture components 
by filtration, concentrated to 1/200 to 1/350 [volume], treated with AS at 60% saturation for 
precipitation of total protein, which is then separated using a centrifiige and used for the next 
process. 

b. Column purification process 
Second step 

The protein from the first step is packed in a phenyl Sepharose CL-4B column (diameter 
25 mm, volume 80 mL) and eluted with a 10 mM Tris hydrochloride (HCl) buffer solution 
containing AS with the AS concentration decreasing from 500 mM to zero stepwise or 
continuously with a total volume of 450-600 mL with the eluent fi^ctionated into 10 mL 
fractions; 10 |iL are sampled from each fraction, mixed with 50 \xL of BioRad protein assay 
reagent, and measured for absorbance to obtain an elution pattem; fractions containing proteins 
with a desired molecular weight are selected, concentrated and dialyzed. 

Third step 

Using a DEAE Sepharose CL-6B column (diameter 15 mm, volxmie 75 mL) equilibrated 
with 3M urea, concentrate from the second step is eluted at an elution rate of 0.5 mL/min using a 
buffer solution obtained by adding 0-200 mM NaCl to a 30 mM Tris-HCl buffer solution with 
the NaCl concentration increasing continuously and the eluent is fractionated; next, an elution 
pattem is obtained by measuring the absorbance similarly as in the second step; fractions 
containing desired protein are selected, concentrated and dialyzed to obtain a concentrated 
protein solution. 

Fourth step 

Using a Sephacryl S200HR column equilibrated with 500 mL of a 10 mM Tris-HCl buffer 
solution containing 10% ethylene glycol (EG) and 0.3 M NaCl, the concentrated protein solution 
obtained from the above step is eluted with the same buffer solution used for equilibration with 
fractionation; an elution pattem is obtained by measuring the absorbance similarly as in the third 
step; fractions containing desired protein are selected, concentrated and dialyzed to obtain a 
concentrated protein solution. 
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Fifth step 

Using a urea-free DEAE Sepharose CL-6B column equilibrated with 500 mL of 30 mM 
Tris-HCl buffer solution (pH 8.7), the concentrated protein solution obtained in the fourth step is 
eluted with 30 mM Tris-HCl buffer solution (pH 8.7) with NaCl concentration continuously 
increasing from 50 mM to 100 mM; the eluent is fractionated; fractions are selected similarly as 
above, concentrated and dialyzed to obtain desired protein. 

4. Method for isolating protein from BCG culture solution waste according to Claim 3, 
characterized by the above desired protein being PB64. 

5. Method for isolating protein from BCG culture solution waste according to Claim 3, 
characterized by isolating protein from BCG culture solution waste characterized by the desired 
protein being PB59, MPB64, MPB70, MPB80 and MPB85 and two or more of the proteins being 
isolated together in the same time band in the above second to fifth steps. 

6. Delayed type hypersensitivity measurement reagent characterized by being one of 
PB59, MPB64, MPB70, MPB80 and MPB85 isolated in Claim 4, as is or freeze dried. 

7. Paste type delayed type hypersensitivity measurement reagent characterized by being 
obtained by mixing one of PB59, MPB64, MPB70, MPB80 and MPB85 isolated in Claim 4 with 
a paste. 

8. Delayed type hypersensitivity measurement reagent characterized by being a patch test 
adhesive tape impregnated with a mixture of 1 mL of glycerin with a mixture of 15 mg of one of 
PB59, MPB64, MPB70, MPB80 and MPB85 isolated in Claim 4, 2 mL of phosphate buffer 
solution, 1 g of hydrophilic paste, and 0.04 g of tragacanth gum powder. 

Detailed explanation of the invention 
[0001] 

Technical field of the invention 

The present invention concerns a method for isolating usefiil proteins from proteins 
discharged by BCG from BCG short term culture and reagents based mainly on the proteins 
isolated by such method. 

[0002] 
Prior art 

Nagai et al. reported on a method for isolating MPB64 and MPB70 from a small amount 
of culture from a long term incubation of 5-10 weeks of BCG and a method using DEAE 
Sephadex A-50 and DEAE Sepharose was published in American Society for Microbiology, 
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Vol. 52, No. 1, pp. 299-302. A method for the manufacture of MPB64 protein by genetic 
engineering was disclosed in Japanese Kokai Patent Application No. Hei l[1989]-247094. 

[0003] 

However, in the former, the starting material is a long term culture, and the quantity is 
small, and in the latter, process is very complex, because the MPB64 gene is used with a host, 
and the host produces the MPB64 after cultivation. 

[0004] 

Problems to be solved by the invention 

The present invention concerns a method for isolating useful proteins represented by 
MPB64, MPB70, etc., from 300 different proteins discharged by BCG d\iring cultivation and to 
provide a inethod for efficient isolation of large amounts of such proteins for the market and also 
to provide delayed type hypersensitivity measurement reagents mainly based on such isolated 
proteins to the market. 

[0005] 

Means to solve the problems 

For accomplishing such tasks, the present invention concerns a method for isolating 
protein from BCG short term culture solution waste, characterized in that, in a method for 
purification of desired protein from a BCG short term culture solution waste using columns of 
different properties, by packing the starting material, eluting with a buffer solution with 
fractionation into many fractions, selecting fractions containing proteins to be isolated, 
concentrating the selected fractions, dialyzing the concentrate, repeating column purification at 
least two times by using different colunms and buffer solutions containing different components, 
wherein as a pretreatment for column purification, the waste culture solution is heated to 40- 
45°C, freed from residual BCG Tokyo using filter paper, freed from proteins of molecular weight 
5000 or less and culture solution components by filtration and concentrated, the concentrate is 
treated with ammonium sulfate (hereafter referred to AS) at 60% saturation for precipitation of 
all proteins, followed by centrifiigal separation of the total protein and use of the separated total 
protein for next process step. 

[0006] 

For accomplishing such tasks, the present invention also concems a method for isolating 
protein from BCG short term culture solution waste, characterized in that, in the column 
purification method for the second step of the above colxrnm pxirification method, the colxmm 
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used is a DEAE Sephadex CL-6B colximn, the buffer solution is equilibrated with 500 mL of 
30 mM Tris buffer solution (pH 7.5) containing 3M (mol) urea; the pretreated protein for the 
column purification method is fed; a buffer solution obtained by adding 0-200 mM NaCl to the 
buffer solution described above is fed with NaCl concentration increasing continuously at an 
elution rate of 0.5 mL/min with fractionation into many fractions; fractions containing target 
protein are selected, concentrated and dialyzed dwmg which urea is separated. 

[0007] 

For accomplishing such tasks, the present invention also concerns a method for isolating 
protein from BCG short term culture solution waste, characterized by employing the following 5 
steps: 

a. First step (pretreatnient process) 

BCG short term culture waste is heated to 40-45°C, freed from residual BCG Tokyo 
using filter paper, freed from protein of molecular weight 5000 or less and culture components 
by filtration, concentrated to 1/200 to 1/350 [volume], treated with AS at 60% saturation for 
precipitation of total protein, which is then separated by centrifiiging and used for next process. 

b. Column purification process 

[0008] 
Second step 

The protein from the first step is packing in a phenyl Sepharose CL-4B colunrn (diameter 
25 mm, volxune 80 mL) and eluted with a 10 mM Tris hydrochloride (HCl) buffer solution 
containing AS with the AS concentration decreasing from 500 mM to zero stepwise or 
continuoxisly with a total volume of 450-600 mL with the eluent fractionated into 10 mL 
fractions; 10 |iL are sampled from each firaction, mixed with 50 |xL of BioRad protein assay 
reagent, measured for absorbance to obtain a elution pattern; fi-actions containing proteins with a 
desired molecular weight are selected, concentrated and dialyzed. 

[0009] 
Third step 

Using a DEAE Sepharose CL-6B colxmm (diameter 15 nrni, volume 75 mL) equihbrated 
with 3M urea, the concentrate from the second step is eluted. at an elution rate of 0.5 mL/min 
using a buffer solution obtained by adding 0-200 mM NaCl to a 30 mM Tris-HCl buffer solution 
with the NaCl concentration increasing continuously and the eluent is fractionated; next, an 
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elution pattern is obtained by measuring the absorbance similarly as in the second step; fractions 
containing desired protein are selected, concentrated and dialyzed to obtain a concentrated 
protein solution. 

[0010] 
Fourth step 

Using a Sephacryl S200HR column equilibrated with 500 mL of a 10 mM Tris-HCl 
buffer solution containing 10% ethylene glycol (EG) and 0.3 mM NaCl, the concentrated protein 
solution obtained from the above step is eluted with the same buffer solution used for 
equilibration with fractionation; an elution pattern is obtained by measuring the absorbance 
similarly as in the third step; fractions containing desired protein are selected, concentrated and 
dialyzed to obtain a concentrated protein solution. 

[0011] 
Fifth step 

Using a urea-free DEAE Sepharose CL-6B colimm equilibrated with 500 mL of 30 mM 
Tris-HCl buffer solution (pH 8.7), the concentrated protein solution obtained in the fourth step is 
eluted with 30 mM Tris-HCl buffer solution (pH 8.7) with the NaCl concentration continuously 
increasing from 50 mM to 100 mM; the eluent is fractionated; fractions are selected similarly as 
above, concentrated and dialyzed to obtain desired protein'. 

[0012] 

For accomplishing such tasks, the present invention also concerns a method for isolating 
protein from BCG short term culture solution waste involving the above first to fifth steps, 
characterized by the above desired protein being PB64. 

[0013] 

For accomplishing such tasks, the present invention also concerns a method for isolating 
protein from BCG short term culture solution waste involving the above first to fiflh steps, 
characterized by the desired protein being PB59, MPB64, MPB70, MPB80 and MPB85 and two 
or more of the proteins being isolated together at the same time band in the above second to fifth 
steps. 
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[0014] 

For accomplishing such tasks, the present invention also concerns a delayed type 
hypersensitivity measurement reagent characterized by being one of the PB59, MPB64, MPB70, 
MPB80 and MPB85 isolated, as is or freeze dried. 

[0015] 

For accomplishing such tasks, the present invention also concerns a paste type delayed 
type hypersensitivity measurement reagent characterized by being obtained by mixing one of the 
PB59, MPB64, MPB70, MPB80 and MPB85 isolated with a paste. 

[0016] 

Operation of the invention 

In Claim 1 of the present invention, BCG short term culture waste solution from making 
BCG preparations is used as the starting material. Before isolating desired proteins from many 
proteins discharged by the BCG, the waste culture solution is heated to 40-45°C for reduced 
viscosity of the culture solution and good flow through a filter for removing residual BCG and 
then proteins with a molecular weight smaller than desired and culture solution components are 
quickly filtered out. 

[0017] 

In Claim 2 of the present invention, in addition to the action of Claim 1, in a second 
column purification as part of a colxmm purification method in a second step of the above 
column purification method, the colimm used is a DEAE Sephadex CL-6B column, the buffer 
solution is equilibrated vrith 500 mL of 30 mM Tris buffer solution (pH 7.5) containing 3M 
(mol) urea; the pretreated protein for the column pxirification method is fed; a buffer solution 
obtained by adding 0-200 mM NaCl to the buffer solution described above is fed with the NaCl 
concentration increasing continuously, during which impurities bonded to or incorporated into 
the protein are bonded with urea and removed. Immediately after this step, the eluent is dialyzed 
to remove the urea from the eluent, and thus denaturation or activity lowering of the isolated 
proteins will not occur. 

[0018] 

In Claim 3 of the present invention, in addition to the actions of the present invention of 
Claims 1 and 2, by steps of 1 to 5, from the BCG short term culture waste, at least one of desired 
proteins is isolated with high purity. Especially, in the second step, when two or more proteins 
are to be isolated, a plurality of flections are independently selected, and in the subsequent step. 
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each fraction can be purified individually. In Claim 4 of the present invention, in addition to the 
action of Claim 3, MPB64 is isolated at high purity as the desired protein. 

[0019] 

In Claim 5 of the present invention, in addition to the action of Claim 3, in the second 
step, at least two of MPB59, MPB64, MPB70, MPB80 and MPB85 are independently 
fractionated at the same time and then the fractionated proteins can be isolated at high purity 
individually at the same time. 

[0020] 

Claim 6 of the present invention concems a delayed type hypersensitivity measurement 
reagent characterized by being one of PB59, MPB64, MPB70, MPB80 and MPB85 isolated in 
Claim 4, as is or freeze dried, showing a imique reaction to antibodies. 

[0021] 

Claim 7 of the present invention concems a paste type delayed type hypersensitivity 
measurement reagent characterized by being obtained by mixing one of PB59, MPB64, MPB70, 
MPB80 and MPB85 isolated in Claim 4 with a paste. When a portion of this is coated on the skin 
of an animal such as a human, cow, etc., adhesion to the skin lasts for a long time, and depending 
on the presence or absence of antibodies against certain proteins of humans or animals, 
inflammation to hardening in the skin will or will not result. 

[0022] 

In Claim 8 of the present invention, the product can be attached to the skin with a skin 
reaction similar to Claim 7. 


[0023] 

Practical embodiments of the invention 

Materials and method 

Culture 

Sauton synthetic culture 

Strain used: Mycrobacterium bovis BCG Tokyo used in the manufacture of Nippon BCG 
Vaccine, The BCG strain is transplanted in the Sauton medium and subjected to surface culture 
at 37*'C with air circulation. On the 8*^ day, the cells are filtered out for vaccine preparation, and 
residual culture is collected and used as starting material. 
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Column: DEAE Sepharose CL-6B, Sephacryl S200HR, Sq)harose CL-4B (products of Uppsala 
Pharmacia LKB, Sweden). 

[0024] 

Sample concentration 

Millipore Pellicon System XX42PEL60 (product of Millipore Co., Bedford, MA, USA) 
and Amicon YM-3 membrane (product of Amicon, Inc., MA, USA) were used. 

[0025] 

Two-dimensional electrophoresis (hereafter referred to as 2D-E) 

A Milliporeinvestigator 2-D electrophoresis system was used for 2 D-E. For one 
dimension, isoelectric point electrophoresis was carried out at pi 3-10 and 18000 V/hr using 
9.5 M iirea containing 5.5% base-acid ampholite mixture. For two dimension, sodium dodecyl 
sulfate-polyacrylamide gel electrolysis (hereafter referred to as SDS-PAGE) was carried out at 
16000 mW using 12.5% polyacrylamide gel. 

[0026] 
Reagents 

Those for the 2-D electrophoresis system of Millipore Co. were used. The gel was dyed 
with a silver staining reagent (product of Daiichi Kagaku Yakuhin Co., Tokyo, Japan). The 
molecular weight was measured by using standard protein (product of BioRad Laboratories, 
Richmond, CA, USA). All other reagents are products of Wako Junyaku Co. 

[0027] 

Practical Embodiment 1 

Next, the present invention is explained with practical embodiments including Claims 

1-5. 

First step (pretreatment) 

First, 80-100 L of culture waste as the starting material was heated to 40-45°C, filtered 
through No. 2 filter paper to remove BCG cells remaining in the starting material, and while 
maintained at 40-45^C, fed to a Millipore Pellicon Cassette. The two filters of this Millipore 
Pellicon Cassette PLCC00005 are used for molecules with a molecular weight of 5000 or less 
such as glycerin and other culture components. As a result, the initial starting material was 
concentrated to 300-400 mL. To save time, the concentrating may be done in several sections 
using MilUpore Pellicon Cassette PLCC00005. 
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[0028] 

As described above, the culture waste as the starting material was heated to lower the 
viscosity and to facilitate the passage of molecules with a molecular weight of 5000 or less 
through the filter in a short time, and the concentrate was filtered again through a Millipore 
Membrane Millipack 60 (0.22 |xm, product of MiUipore Co.) for complete removal of BCG cells. 

[0029] 

The concentrated culture filtrate was treated with ammonium sulfate at 60% saturation 
for precipitation of all proteins. The precipitation mixture was left as is or stored in a refiigerator 
and centrifuged at 6000 rpm and the supernatant removed. The 2D-E (two-dimensional 
electrophoresis) of the concentrate is shown in Figure 1 . The proteins secreted by the BCG cells 
are scattered as independent spots according to the isoelectric point and molecular weight. For 
example, MPB64 (26 kDa) is indicated by an arrow. 

[0030] 

Second step (Affinity (affin) purification of proteins by phenyl Sepharose) 

The total protein fi-om step 1 was packed in a phenyl Sepharose CL-4B column and 
eluted at room temperature with 10 mM Tris-HCl buffer solution containing ammonium sulfate 
(AS) fi-om a concentration of 500 mM to zero, i.e., 500 mM AS: 150 mL, 200 wM AS: 50 mL, 
100 mM AS: 150 mL, then zero AS: 120 mL. 

[0031] 

The eluent was fractionated into 10 mL fractions, and 10 ^L was sampled from each 
fraction, mixed with 50 ^L of 5-fold diluted BioRad reagent (Protein Assay BioRad) and 
measured for 600 nm absorbance with a microplate reader. An example of an elution pattern is 
shown m Figure 2. In Figure 2, e.g., the MPB64 peak appears after the maximum protein peak 
including MPBs, which has been published. In the case of purification of MPB64, fractions 
containing MPB64 are found as MPB64 is detected by molecular weight using the elution pattern 
and SDS-PAGE, and the right fractions are selected. In the second step, when the desired protein 
is in more than one firaction, multiple firactions are selected. 

[0032] 

In a specific method of SDS-PAGE, using a 10-20% polyacrylamide multigel kit 
(product of Daiichi Seiyaku Co., Tokyo, Japan) as the gradient gel, at 40 mA, protein was 
stained by silver stain reagent together with standard proteins such as MPB64 and MPB70, and 
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fractions containing protein corresponding to the standard protein were selected. Fractions 
containing desired protein such as MPB64 were concentrated through an Amicon YS-3 
membrane. 

[0033] 

The concentrate was placed into a Slide A Riser Cassette (product of Pierce Co., 
Rockford, 111, USA) and dialyzed using 10 mM Tris-HCl of pH 7.5 at 4^C for 1 day. The 
dialyzed product was passed through a Millipore Milex GV filter (0.22 jom), and the protein 
content was determined by the Lawry method. 

[0034] 

Third step (purification by DEAE Sepharose column containing urea) 

A DEAE Sepharose CL-6B colimm (diameter 15 nmi, volume 75 mL) was equilibrated 
with 500 mL of 30 mM Tris-HCl buffer solution (pH 7.5) containing 3M urea. The concentrate 
from the second step was fed to the DEAE Sepharose CL-6B column and eluted with the buffer 
solution used for the equilibration with a concentration gradient of NaCl (0-200 mM). 

[0035] 

The eluent obtained at an eluting speed of 0.5 mL/min at 4°C was fractionated into 
46-100 fractions of 5 mL each, and each fraction was measured for absorbance at 600 nm using 
BioRad reagent as in the second step. Results are shown in Figure 4, For the fractionation 
samples, the desired protein, e.g., MPB64 was detected by the SDS-PAGE similarly as in the 
second step. Fractions were selected accordingly, concentrated, dialyzed and filtered similarly as 
in the second step to obtain desired concentrate. In the above dialysis step, the urea component 
added in the elution is removed. The protein content was determined similarly as in the third 
[sic] step. 

[0036] 

Fourth step (purification by Sephacryl coliram) 

A Sephacryl S200HR column (diameter 25 mm, volxmae 450 mL) was equilibrated with 
500 mL of 10 mM Tris-HCl buffer solution (pH 7.5) containing 10% ethylene glycol and 03 M 
NaCl at low temperature. The concentrate obtained in the third step was fed to the Sephacryl 
S200HR colxuim and eluted with the same buffer solution used in the equihbration at a rate of 
0.5 mL/min and firactionated into 46-100 firactions of 5 mL each. Each firaction sample was 
mixed with BCA protein assay reagent (product of Pierce Co., Rockford, Dl, USA) instead of the 
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BioRad reagent of the second step and measured for absorbance at 562 nm by SDS-PAGE to 
detect the desired protein, and the corresponding fractions were selected (see Figure 4), 

[0037] 

After gel staining by CBB, gel staining with more sensitive silver staining is preferred. 
The fractions containing the desired protein were combined, concentrated by an Amicon YM-3 
membrane and dialyzed in 10 mM Tris-HCl buffer solution (pH 8.7) at 4 °C for 1 day, followed 
by filtering through a 0.45 \\m Millipore filter. The protein content was determined by the Lawry 
method. 

[0038] 

Fifth step (purification by urea-free DEAE Sepharose colxunn) 

In this final step of purification, the protein recovered in the fourth step was fed to a 
DEAE Sepharose CL-6B column equihbrated with urea-free 30 mM Tris-HCl buffer solution 
(pH 8.7) containing 50 mM NaCl and eluted with 500 mL of 30 mM Tris-HCl buffer solution 
containing NaCl with a concentration gradient of 50-100 mM at 4°C at a rate of 0.5 mL/min with 
fractionation into 64-100 fractions of 5 mL each (see Figure 5). 

[0039] 

The desired protein detection was done by absorbance at 600 nm and SDS-PAGE as in 
the third step. Similar to the previous step, desired protein containing fractions were combined, 
concentrated, dialyzed in 10 mM Tris-HCl buffer solution (pH 8.7) and filtered through a 
Millipore Milex GV filter (0.22 jam, product of Millipore Co.) The final protein content was 
measured by the Lawry method. 

[0040] 

In this practical embodiment, a description is given mainly for isolation of MPB64 and 
MPB70, while methods for simultaneous isolation of other usefiil proteins are also included in 
Claims 1-5 of the present invention. Clearly, for isolation of many proteins, the proteins are 
isolated individually in the second step in parallel. Then, the proteins are purified in parallel at 
the same time. 

[0041] 

In the above third and fifth steps, the description is based on cases wherein the buffer 
solutions used for elution contain additives with a concentration gradient, and this embodiment 
also involves methods providing additives in 4-10 steps of sequential concentration. 
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[0042] 

Practical Embodiment 2 

This embodiment is for the invention described in Claim 6; one of the purified proteins 
MPB59, MPB64, MPB70, MPB80 and MPB85 obtained in Practical Embodiment 1 is sealed 
with an inert gas in a bottle or ampule to obtain a product. 

[0043] 

Practical Embodiment 3 

This embodiment is for the invention described in Claim 7; 15 mg of one of purified 
proteins MPB59, MPB64, MPB70, MPB80 and MPB85 obtained in Practical Embodiment 1 was 
dissolved in 2 mL of a phosphate buffer solution, mixed with 0.5-1 .5 g of hydrophilic paste and a 
small amount of tragacanth gum powder (0.02-0.05 g)and sealed in a flat container of inner 
diameter 8-1 1 mm. The components, weights and volumes are for example only and the 
invention is not limited to them. 

[0044] 

Practical Embodiment 4 

This embodiment is for the invention described in Claim 8; one of purified proteins 
MPB59, MPB64, MPB70, MPB80 and MPB85 obtained in Practical Embodiment 1 was 
dissolved in 2 mL of a phosphate buffer solution, mixed with 1 mL of glycerin and/or 10% 
polyethylene glycol, 5-20 jiL of antigen firom the above-mentioned protein was impregnated into 
a patch test adhesive tape which is to be attached to skin for allergic reaction testing or into a 
filter paper in an alxmiinum dish, so-called Finn chamber for applying the antigen impregnated 
filter paper on skin and sealed in a plastic container or airtight bag. 

[0045] 

Effect of the invention 

In the invention described in Claim 1, BCG culture waste is utiHzed, i.e., effective 
utilization of industrial waste is achieved. The culture waste is heated to 40-45°C for reduced 
viscosity for easy passage through filter paper, resulting in reduced processing time, with 
removal of highly viscous glycerin firom the culture waste for ease of handling in subsequent 
processes. Heating at such a level does not affect the potency of the protein. 


16 


[0046] 

In the invention described in Claim 2, a DEAE Sepharose CL-6B column is used after 
equilibration with 30 mM Tris buffer solution (pH 7.5) containing 3 M (mol) \n:ea. The same 
urea-containing buffer solution is fed to the column with NaCl content increasing gradually from 
0 to 200 mM to elute the desired protein with removal of impurities bonded to or surroimding the 
protein. During elution, the eluted solution remains neutral, and by immediate dialysis or 
filtration, the urea is removed from the purified protein. Irreversible denaturation of the protein 
by urea is minimized. 

[0047] 

In the invention described in Claim 3, in addition to the effects of the present invention 
described in Claims 1 and 2, by employing a second step method, useful proteins can be 
fractionated into one or more proteins. Furthermore, by the methods of a third step and 
thereafter, the purity of each protein is enhanced. Each protein isolated is compared with 
standard protein for identification. The pxirity of protein isolated is comparable to that of the 
standard. 

[0048] 

Also, although not illustrated above, other mycobacteria antigens including common 
antigens of tuberculin and mycobacteria can also be purified. 

[0049] 

In the invention described in Claim 4, in addition to the effects of Claims 1-3, the protein 
isolated is MPB64, and isolated MPB64 in combination with MPB70 can differentiate 
tuberculosis infection and BCG positive. 

[0050] 

In the invention described in Claim 5, in addition to the effects of Claims 1-4, two or 
more of proteins MPB59, MPB64, MPB70, MPB80 and MPB85 can be isolated in parallel at the 
same time by methods of step 2 through step 5; thus, starting from a single starting material, two 
or more proteins can be isolated effectively. 

[0051] 

In the invention described in Claim 6, each of MPB59, MPB64, MPB70, MPB80 and 
MPB85 is sealed in, and by diluting with a diluent similarly as with conventional tuberculin 
reaction reagents, each can be used for coating the skin or injection in hiunans and animals. Also, 
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by mixing with suitable hydrophilic paste, glycerin, polyethylene glycol, etc., each can easily be 
used as a paste for coating the skin as a reaction reagent. In the invention described in Claim 7, 
in addition to the effects of Claim 6, the paste is easy to handle and easily adheres to the skin for 
a long time. In the invention described in Claim 8, in addition to the effects of Claim 8 [sic], the 
product is an adhesive tape, thus it can be adhered to the skin directly. 

[0052] 

Experimental Example 1 

Using 100 L of the culture immediately after BCG cultivation for 8 days by the method 
of Practical Embodiment 1, in the final fifth step in the case of isolating MPB64, 5 mg of MPB64 
was obtained. The thus obtained MPB64 and MPB70 were processed by SDS-PAGE and tested 
by an immunoplotting method using anti-MPB64 and anti-MPB70 antibodies showed a reaction 
similar to standard MPB64 and MPB70. 

[0053] 

Experiment Example 2 

PMB64 and MPB70 were isolated by Practical Embodiment 1, combined together, and 
tested using a tuberculosis germ infected guinea pig and a BCG inoculated guinea pig. The 
guinea pig with tuberculin positive by BCG inoculation showed a positive reaction to MPB64 
and MPB70. The tuberculosis germ infected one was positive to PMB64, but negative to 
MPB70. Thus, tuberculosis infection and BCG positive can be easily differentiated. 

[0054] 

Experimental Example 3 

MPB59 has a similar effect as a tuberculin reaction, and MPB80 and MPB85 can be xised 
for allergy tests. These tests can be used effectively for tuberculosis infection of humans and 
cattle. 

Brief description of the figures 

Figure 1 shows isoelectric points and molecular weight profiles of various proteins by 
2D-E (two-dimensional electrophoresis). 

Figure 2 is a graph illustrating absorbance profiles by protein for each firaction in second 
step collected firactions as determined by SDS-PAGE. 

Figure 3 is a graph illustrating absorbance profiles by protein for each firaction in third 
step collected fi-actions as determined by SDS-PAGE. 


Figure 4 is a graph illustrating absorbance profiles by protein for each ifraction in fourth 
step collected fractions as determined by SDS-PAGE. 

Figure 5 is a graph illustrating absorbance profiles by protein for each fraction in fifth 
step collected fractions as determined by SDS-PAGE. 
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